The purpose of this prospective cohort study was to compare metabolic effects of epidural or patient controlled analgesia (PCA) in patients undergoing major upper abdominal surgery.
Major surgery inevitably results in pain and protein loss, particularly so when this is performed in the upper abdomen 1 compared to the lower abdomen 2 or lower limb 3 . Severe pain may result in immobility and respiratory insufficiency as well as being distressing for the patient. Epidural analgesia has been proposed as a method of controlling postoperative pain and reducing aspects of the stress response 4 and thereby attenuating protein loss. However to date epidural analgesia is only partially effective in eliminating the stress response in upper abdominal surgery 5 . We wished to examine the notion that the provision of epidural analgesia may ameliorate perioperative catabolism.
A prospective cohort study was employed to evaluate the effects of epidural analgesia in modifying catabolic responses following major upper abdominal surgery. The hypothesis tested in this study was that the combination of epidural with general anaesthesia would reduce the loss of protein as assessed by amino acid fluxes in the postoperative period in patients undergoing major surgery.
METHODS

Study Design
After institutional approval, informed consent was obtained from consecutive patients undergoing upper abdominal surgery. All operations were undertaken by one surgeon whose postoperative protocol delayed the use of enteral nutrition or intravenous nutrition (IVN) during the first three postoperative days. Patients were allocated according to the protocol of the anaesthetist into one of two groups according to the type of analgesia received. These were epidural analgesia (Group I) and patient controlled analgesia (Group II). A number of measurements indicating the state of catabolism were made one day preoperatively (day -1) and repeated two day postoperatively (day 2).
Exclusion Criteria
Patients were excluded if aged less than 21 years or greater than 80 years, required IVN because of severe malnutrition or if postoperative complications developed requiring admission to the intensive care unit. Patients were excluded if they had major cardiac disease (severe angina, congestive cardiac failure, recent acute myocardial infarction) respiratory disease (preoperative P a O 2 <50 mmHg (room air), P a CO 2 >50 mmHg (room air), major renal disease (creatinine >0.2 mmol.l -1 ), major musculoskeletal or neurological disease, major haematological disease, drug dependency disorder or psychiatric disease.
Drug Treatment
Premedication consisted of 20 to 30 mg of temazepam orally one hour prior to the procedure. An intravenous line was established and the patient given one litre of compound lactate solution as a volume preload. Midazolam was administered as necessary by 1 mg increments intravenously to provide an adequate level of sedation. The anaesthetic regimen consisted of intravenous thiopentone 2 to 3 mg.kg -1 , vecuronium 0.1 mg.kg -1 and fentanyl 5 µg.kg -1 and the trachea was intubated with a 7.5 mm to 8.5 mm Portex endotracheal tube. All patients were ventilated to normocarbia (P ET CO 2 35-40 mmHg), oxygen saturation was maintained above 95%, end tidal isoflurane between 0.3 and 0.6% and repeated doses of vecuronium given to maintain one twitch on the train-of-four on a nerve stimulator. Warming blankets and fluid warmers were used to maintain a core temperature above 35°C. Three lead ECG, arterial and central venous pressures were monitored and all blood and fluid administered was recorded. Postoperatively the patients were managed by the surgical team and their pain was managed by the acute pain service.
In group I an epidural catheter was inserted, preoperatively, at the T7-8, T8-9 or T9-10 interspace and a block was established to T4 (loss of pin prick) using bupivacaine 0.5%. Doses of ephedrine 0.1 mg.kg -1 or metaraminol 15 µg.kg -1 were administered if required to keep the mean arterial pressure above 60 mmHg. Intraoperative blockade was maintained with 0.5% bupivacaine and continued postoperatively for a minimum of 48 hours with an infusion of bupivacaine 0.125% with fentanyl 5 µg.ml -1 at 5 to 10 ml.hr -1 using a Graseby syringe pump adjusted to maintain satisfactory pain relief.
Group II received postoperative morphine via a PCA device for a minimum of 48 hours postoperatively. The incremental dose of morphine was 1 to 2 mg, lockout was five minutes and dose duration was 30 seconds. Rectal paracetamol was prescribed by the acute pain service as necessary. No patients received other classes of analgesia during the study period.
Measurements
Cortisol and insulin were measured in blood samples collected and immediately placed into plain tubes on ice. Within half an hour these were centrifuged at room temperature at 2,000 rpm for 10 minutes and the resulting serum was stored at -70°C prior to batch analysis 6, 7 . The samples for glucagon measurement were placed into plain tubes containing ethylenediaminetetra-acetic acid and apoprotein C, then centrifuged at 4°C at 2,000 rpm for 10 minutes and the resulting plasma was stored at -70°C prior to batch analysis by radioimmuno assay 8 .
Blood for amino acid analysis was collected from the right femoral artery and vein was placed into heparinised tubes and stored on ice (2 to 4°C). Subsequently 1 ml blood was added to 1 ml deionized water to cause lysis of the red cells: a minimum of 10 minutes was allowed for this process to occur after which 1 ml of the resulting mixture was added to 0.1 ml of an ice-cold deproteinizing solution containing 6% sulphosalicylic acid and 500 µmol.l -1 internal standard (norleucine, Sigma, St. Louis, MO.). The deproteinised mixture was centrifuged at 2,000 rpm at 4°C and the acid soluble extract was filtered through a 0.45 µm membrane and stored at -70°C until subsequent analysis. The procedure from collection of specimens to the subsequent storage was carried out within 30 minutes. Samples were maintained below 4°C during this period.
Amino acids were separated by means of high performance liquid chromatography with cationic exchange separation and post-column ninhydrin detection, using automated peak height analysis. Concentrations of individual amino acids were corrected for the presence of norleucine. The average error and range of this technique have been described previously 9 .
Arterial blood samples for glucose analysis were placed in sodium fluoride tubes at the bedside and stored on ice (2 to 4°C). They were subsequently centrifuged at room temperature at 2,000 rpm for 10 minutes and the plasma stored at 4°C prior to analysis within one week. Glucose concentrations were determined by a spectrophotometric technique using commercially available kits (Perichrom, Boehringer Mannheim, Sydney, N.S.W.).
Blood for analysis of lactate and pyruvate was collected from the right femoral artery and were placed immediately into preweighed tubes maintained at 4°C containing 10% trichloroacetic acid. The clear acid soluble fraction was isolated following separation in a refrigerated centrifuge and then neutralized with 1.1M dipotassium phosphate and stored at -70°C. Lactate dehydrogenase was used in a enzymatic spectrophotometric analysis to determine lactate and pyruvate concentrations 10, 11 .
Right midcalf blood flow was measured using gallium-indium strain gauge plethysmography as described previously 12 . This was multiplied by the arterial and venous concentration differences of each substrate to derive flux. Efflux refers to a negative flux (i.e. venous concentration exceeds arterial concentration) and total flux to the sum of the fluxes of the individual amino acids.
Statistical Analysis
Data are reported as means and 95% confidence intervals. The Mann-Whitney U test was utilised to compare differences between groups for demographic data, hormones and flux measurements. The Wilcoxon Matched Pairs Test was used to compare within each group on the difference between day -1 and 2. The α level (two-tailed) was set at 0.05.
RESULTS
Both groups were well matched with respect to demographic data (Table 1 ) and had similar major upper abdominal procedures requiring a long epigastric incision, similar operation times and blood loss. The extent of surgery would be expected to induce a major metabolic response.
Biochemical and Hormone Data (Table 2)
Whilst there were decreases between day -1 and day 2 in both serum protein and albumin concentrations postoperatively (P<0.001) there were no differences in the values between groups. Serum urea concentrations increased (P<0.01) in both groups. Plasma cortisol increased (P<0.01) and the concen-trations in Group II on day 2 were significantly greater than those in Group I (P=0.03); however the magnitude of the increase from day -1 to day 2 was not significantly different between groups. There were no significant differences in plasma glucagon concentrations between groups. Plasma insulin concentrations decreased postoperatively (P<0.001) but the magnitude of the change was the same in both groups. 
Flux measures (Tables 3 and 4)
Postoperative catabolism was manifested as an efflux of glucose, lactate and pyruvate on day 2; however, these changes only reached statistical significance in the case of lactate (P=0.005). Epidural analgesia (Group I) was associated with a lesser lactate efflux on day 2 compared to PCA analgesia (Group II) (P= 0.008).
Mean values of the arterial amino acid concentrations were similar between groups at day -1 and day 2. There were reductions in arterial amino acid concentrations resulting in a similar reduction in the sum of all amino acids in both groups (Figure 1 ). The fluxes of amino acid across peripheral tissues on day -1 were also similar between groups, but there were differences at day 2 between Group I and Group II. There was an increased efflux of amino acids from day -1 to day 2 indicating catabolism. This was greatest for the gluconeogenic amino acid alanine (ala), the branched chain amino acids (leucine (leu), isoleucine (ile) and valine (val)), the aromatic amino acids phenylalanine (phe) and tyrosine (tyr) and for glycine (gly), arginine (arg) and lysine (lys). The efflux of alanine (P=0.03), glycine (P=0.03), lysine (P=0.04) and methionine (met) (P=0.003) was significantly greater in Group II and in Group I on day 2. This resulted in a greater efflux of the sum of amino acids at day 2 in Group II, indicating greater catabolism (Figure 2 ).
DISCUSSION
In this study, epidural analgesia, when compared with PCA, was found to be associated with lesser catabolic response as measured by the change in efflux of amino acids from peripheral tissues. Although the postoperative analgesia was chosen by anaesthetist preference rather than by random selection, the patients in each group had undergone similar surgical procedures with similar operation times and similar blood loss. All patients had long midline epigastric incisions and a single surgeon performed their procedures. Therefore the similarity in patients, procedures and surgical technique allows for a reasonable comparison of metabolic responses to be made in the two groups. Although the cortisol levels were higher in Group I on day 2 the increase from day -1 was not different between groups; therefore the degree of surgical stress in the two groups was comparable.
Studies examining perioperative protein catabolism have traditionally relied on nitrogen balance which is subject to potential sampling errors 13, 14 . Other techniques include 3-methyl-histidine excretion 15 and substrate fluxes as reported in this study. The main disadvantage of these techniques is their Compared to the perioperative state a significant change in whole blood amino acid flux is indicated by + , *** for P<0.05 and P<0.001 respectively. There was a significant difference in the total amino acid flux between the EPI and PCA groups on day 2 (P=0.04).
inability to discriminate between relative rates of protein synthesis and degradation. This has been addressed experimentally by the constant infusion of 13 C-leucine 16 but, in turn, this fails to give specific information on individual amino acids which may have differing roles in postoperative metabolism. Of course, correlation between the rates of breakdown of different proteins and outcome needs to be assumed. Studies of this type lack sufficient power to state that a treatment modality is not associated with an improved outcome despite an improvement in catabolism.
The day 2 measures represent the early catabolic response to surgery, the "Ebb" phase of the stress response. It is considered that the more severe the "Ebb" phase the greater the overall catabolism and the longer time to recovery 17 . It is interesting that the catabolic response was not associated with greater changes in glucagon, insulin or cortisol concentrations with the changes from baseline being similar in both groups. It is probable that the "Ebb" phase is most likely mediated by the sympatho-adrenal response 18 and the cytokine responses to stress 19 ; the latter was not measured in this study. Alternatively, there may be a neural response affecting sympathetic tone in both the viscera and peripheral tissues which, of necessity, is blocked by the epidural analgesic protocol.
Overall, the greater efflux of amino acids in the PCA patients on day 2 represents an exaggeration of the pattern of amino acid loss seen in the epidural group. The loss of the aromatic amino acids phenylalanine and tyrosine is considered to be directly related to catabolism because these amino acids cannot be altered in muscle tissues 20 . Alanine is a gluconeogenic amino acid and the greater efflux in the PCA group indicates a greater need for glucose substrate in this group. A recent study in rats suggests that there is reduced glucose utilization in the brain during the Ebb Phase which may indicate that the main determinant of catabolism is not gluconeogenesis 21 . We were unable to measure glutamate and glutamine separately in this study and therefore cannot assess the contribution made by glutamine. It is unknown what causes the increased amino acid efflux but an alteration of amino acid transporters is thought to be involved 22 .
The greater efflux of lactate and amino acids from peripheral tissues at day 2 is consistent with reduced oxidative metabolism and greater catabolic response to surgery in the patients having PCA. Previous work indicates that this response is partly determined by the lack of substrate because the amino acid loss from peripheral tissues appears to be at least partially reversible by the provision of either enteral or parenteral nutrition 23 .
One amino acid, methionine, behaved differently between the two groups. In the patients receiving PCA there was a marked efflux which did not occur in the epidural group (P=0.003). Although there would be release of methionine as part of the catabolic response, the question is raised as to whether there may be a specific requirement for methionine, such as might be required for synthesis of methionineenkephalin in response to the physiological stress of surgery 24 . The simple stoichiometry of such a reaction however, indicates an excessive amount of methionine for a molar relationship.
In conclusion this cohort study demonstrated that epidural analgesia is associated with a reduction in catabolism in the immediate postoperative period as measured by amino acid and lactate flux. Mean (± 95% confidence interval) are given for each value ( ); Whole blood concentration mmol.l -1 ; flux, nmol.(100 ml tissue) -1 .min -1 ; ns, no statistically significant difference between groups on each day tested (Mann-Whitney U test). The Wilcoxon Matched Pairs Test was used to compare the preoperative flux to the flux on postoperative day 2. Sum of arterial amino acid concentration and fluxes, not including norleucine, used as an internal standard, and citrulline, which does not participate in peripheral tissue protein synthesis. Non significant changes were noted for cys, ile, leu, pser, ser, val and these values have not been included for clarity.
Aba=Amino benzoic acid; Ala=Alanine; Arg=Arginine; Gln=Glutamine; Glu=Glutamate; Gly=Glycine; His=Histidine; Lys=Lysine; Met=Methionine; Orn=Ornithine; Phe=Phenylalanine; Tau=Taurine; Thr=Threonine; Tyr=Tyrosine.
